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ELECTRON DIFFRACTION DETERMINATION
OF AN ORIENTATION-RELATIONSHIP FOR IRIDIUM-ON-7-ALUMINA
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An iridium-on-alumina catalyst used for the spontaneous ignition of the decomposition of
hydrazine in spacecraft position control thrusters exhibits nearly complete matching of the
selected area electron diffraction patterns in the [110] orientation for iridium crystallites and
for the support n-alumina. The orientation-relationship is referred to the porous character of
the n-alumina skeleton favoring an oriented nucleation and growth of iridium crystallites in
the pore mouths.

Transition aluminas are widely used as supports for highly dispersed metal
catalysts [1]. An iridium-on-n-alumina catalyst (Shell 405) has turned out to have
superior properties for hydrazine decomposition in spacecraft position control
thrusters with respect to spontaneous ignition and long-term stability [2]. The
high dispersion of the iridium metal phase, even on a crystalline form of
n-alumina, was related to a strong metal-support interaction concluded from a
corresponding shift of the iridium X.p.s. signals [3]. Strong metal-support interac-
tions (SMSI) frequently exist [4] and electron microscopy has proved to be a
powerful tool for the identification of peculiar kinds of SMSI [5]. In the
following, electron optics are used for the analysis of an iridium-on-alumina
catalyst (Shell 405, 20—30 mesh, 32 wt.% Ir).

Samples for electron microscopy (Philips 420 T. LaB, cathode, 120 kV) were
prepared by ultrasonic disaggregation of the catalyst pellets and sprinkling of a
butanol suspension onto carbon films supported by copper grids.

The transmission electron micrographs show a high fraction of crystalline
support having mean crystal sizes around 0.1 pm (fig. 1a). Phase contrasts of
array structure, having spacings around 3.5 nm, are observed (fig. 1b). Selected
arca electron diffraction obtained along the [110] zone axis on the crystalline
domain of the support gives the pattern characteristic for a cubic structure (fig.
2a). For many reflexes the intensities show a non-centrosymmetric distribution.
This effect can be related to the slight mismatch of reflexions originating from the
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Fig. 1. Transmission electron micrographs of the Ir/n-Al,0; catalyst showing large (0.1 pm) carrier
crystals (A) and phase contrasts of array structure (B).
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Fig. 2. (A) Selected area electron diffraction from crystalline domains of the support. (B) Indices of
diffraction pattern.
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Fig. 3. Selected area electron diffraction from amorphous domains of the support, showing
diffraction rings of the fcc Ir.

face centered cubic n-alumina and the face centered cubic iridium (fig. 2b), e.g.
showing deviations of 2% for the positions of the [400] reflexion of 5-Al,0, and
of the [200] reflexion of Ir in the X-ray diffraction diagrams [6]. It is highly
probable, that the scattered reflexes originate from the iridium crystallites,
whereas the intense spots have to be related to the relatively large n-Al,O,
crystals. The presence of y-phase alumina could be excluded by X-ray diffraction
giving no indication for the characteristic splitting of the [440] reflexion [7].

The scattered nature of the iridium reflexions has to be related to the small size
of the iridium crystallites, i.e. an average iridium particle size around 2 nm is
obtained from oxygen chemisorption giving 190 m?/g Ir for the fresh and 140
m’? /g Ir for the used (10* WHSV {g N,H,/g[cat] - h}) catalyst. A few larger Ir
crystals are found on the amorphous fraction of the alumina support giving
diffraction rings, i.e. random orientation, in the selected area electron diffraction
graphs (fig. 3). The amorphous fraction might contribute by one quarter to one
third to the total amount of support comparing the measured BET surface area of
90 m?/g to average values around 200 m?/g being valid for amorphous alumina

[8].
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The missing of random orientation for the Ir crystallites on the crystalline
n-alumina or the orientation-relationship between metal and support, respec-
tively, might be referred to structural peculiarities of the carrier. The n-alumina
contains slit-shaped pores with a width around 1 nm normal to the (111) plane [7]
being responsible for the lamellar structure at the surface (fig. 1b). The spacing of
3.5 nm between the lamellae exceeds the value expected for a (111) face but fits
for a (110) face. The exposition of (110) planes at the surface of n-alumina
crystals is often established [9]. Under the assumption that the impregnation
procedure favors accumulation, nucleation and growth of Ir crystallites in the
pore mouths, the orientation-relationship can be referred to a structural accom-
modation of the fcc metal guest in the pore mouths of the fcc host, as was
observed for zeolite accommodated Pt crystallites [10].

The outstanding properties of the Shell 405 catalyst are, presumably, mainly
based on the presence of a high fraction of n-alumina crystals, stuck together by
amorphous alumina binder. The dense crystals prevent penetration of hydrazine
into the interior of the pellets, and, thus decreases the possibility of generation of
catalyst fines via breakup processes from internal overpressure. The lamellar
skeleton of the n-alumina reduces the rate of phase transition [7] and, thus,
increases the thermal stability.
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